Background. Childhood overweight/obesity is a fast growing public health problem in developing countries. e adverse health consequences of obesity have been attributed to higher body fat levels and this has drawn overwhelming attention towards more accurate assessment of body fat. e goal of this study is to evaluate the relationships between selected behavioral factors and percentage body fat (%BF) estimated using bioelectrical impedance analysis in school-age children. Methods. A cross-sectional analysis was carried out in randomly selected 6-to 11-year-old children (507 boys and 501 girls). Percentage body fat was assessed using bioelectrical impedance analysis. e behavioral factors were reported by parents using a structured questionnaire. Multiple quantile regression analysis was used to evaluate the relationship between the selected behavioral factors and %BF. Results. With quantile regression, the daily consumption of fruits and vegetables, daily breakfast consumption, and high physical activity (>4-7 times/week) were significantly (p < 0.001) associated with a 4.95, 3.29, and 3.66 decrease in median %BF, respectively. Also, consumption of snacks (>3 times a day) (p < 0.001), high sedentary lifestyle (>3-6 hours/day) (p < 0.001), and motorization to school (p < 0.005) significantly increased the median %BF by 3.69, 3.01, and 1.39, respectively. e largest changes in median %BF were observed in girls. Conclusions. Efforts are needed using longitudinal studies to clarify the effects of these behavioral factors on %BF in different regions and ethnic groups of Cameroon and also to assess whether any observed differences are of clinical relevance.
Introduction
e prevalence of overweight/obesity worldwide has almost tripled over the last four decades [1] . A recent report has estimated that if the current trends of overweight/obesity among 5-to 17-year-old children are not abated with effective intervention policies, then the global numbers of overweight and obese children may reach 268 million and 90 million, respectively, by 2025 [2] . A recent review that included sub-Saharan African (SSA) countries has also indicated a transition to higher numbers of overweight/obese school-age children, which is similar to trends observed in some developed countries. However, the weighted averages of overweight/obesity were lower when compared with those of some developed countries [3] .
In Cameroon, data on overweight/obesity in schoolage children are available mostly from urban settings in some administrative regions of the country. For instance, recent reports show that the prevalence of overweight/ obesity in the Littoral Region among 3-to 13-year-old and 8-to 15-year-old school children is 12.5% [4] and 14.4% [5] , respectively, while in the North West Region, the prevalence among 5-to 12-year old school children is 17.6% [6] .
Overweight/obesity has been associated with adverse health consequences, including unfavorable blood pressure levels and cardiovascular disease risk [7, 8] in children and increased risk of type 2 diabetes in adulthood. For example, a pooled analysis has indicated that increase in body fat is contributing to an extent to the rise in the number of cases of type 2 diabetes across the African continent [9] .
Recent studies in some countries have identified modifiable factors that influence body fat levels in children and adolescents to various extents, including increased physical activity and sedentary time [10] , increased fruit and vegetable consumption [11] , high frequency of snacking [12] , parental socioeconomic status [4] , and skipping of breakfast [13, 14] . e extents to which these variables influence body fat levels of children in our setting are still to be fully exploited. While some studies on overweight/obesity in school-age children have used more accurate methods to assess body fat levels [15] , others, especially in developing countries, including Cameroon [4] [5] [6] , have used BMI, which is a proxy measure of body fatness. Even though BMI is a simple and noninvasive technique and now has internationally accepted cutoff values for children aged 0-5 years [16] and 5-19 years [17] , it still has major shortcomings. For instance, BMI does not indicate the distribution of fat in the body and cannot differentiate between lean and fat mass [18] . It has a low sensitivity and can misclassify high numbers of children with excess body fat [19] .
e differences in body composition and distribution of body fat have been well established in some ethnic groups. For instance, compared with Caucasians, Asians tend to accumulate more body fat at an equivalent BMI value and have a reduced amount of fat-free mass. Also, the body fat is more centrally than peripherally distributed [20, 21] . is has led to a revision of BMI cutoff points for Asian populations by the WHO [22] . However, such comparisons that include African countries are not available because of limited data on the assessment of body fatness using other simple (skinfold thickness and waist circumference) and twocompartment (bioelectrical impedance analysis (BIA) and dual energy X-ray absorptiometry (DXA)) techniques, which allow for a more accurate assessment of the distribution of body fat as well as distinguishing between fat mass and fat-free mass.
BIA is a simple, portable, and an inexpensive technique used for the assessment of body fat that requires less training [23] . A previous study that included a multiethnic group of adolescents had indicated that there were no significant differences in mean percentage body fat (%BF) estimates using DXA and a BIA instrument [24] . Hence, BIA can be used as an appropriate technique in estimating %BF in children and adolescents as suggested in a recent review [25] .
e use of BIA in African settings to assess body fat is limited. However, it has been used in assessing fat-free mass in populations of African origin in which there was high agreement between the values determined using isotope dilution and BIA equations [26] .
is study aims to assess the relationships between selected behavioral factors and percentage body fat estimated using BIA in primary school children living in urban settings of two administrative regions of Cameroon.
Materials and Methods

Participants.
is cross-sectional analysis included data from apparently healthy school-age children (6-11 years) living in two urban settings; Bamenda and Bafoussam, which are the headquarters of the North West and Western Regions of Cameroon, respectively. Four schools (2 public and 2 private) were randomly selected in each of the urban settings (8 schools in total) from established lists of primary schools obtained from the delegations of basic education in both regions, which constituted the sampling frame. e selected schools were visited to present the research objectives and to give the consent information to the head teachers. e schools that declined from participating were immediately replaced by another randomly selected school. Also, in order to maximize the age distribution of the sample, we randomly selected 50% of children in each of the six classes of the different schools. rough this exercise, 1412 pupils were randomly selected. In addition, the selected children were given envelopes containing the consent information, study objectives and the questionnaire to take to their parents/guardians. 1106 questionnaires were returned, giving a response rate of 78.3%. Furthermore, participants with missing information were excluded from the analysis (n � 98), leaving a final study population of 1008 pupils.
Ethical Considerations.
Ethical clearance for this study was obtained from the Institutional Review Board of the Catholic University of Cameroon. Administrative clearances were obtained from the regional delegations for basic education of the North West and Western Regions. All parents/ guardians and head teachers gave written informed consent before the study started. Verbal assent was also obtained from each child before measurements were carried out.
Data Collection
Anthropometry and Percentage Body Fat Measurements.
Measurements were carried out during a second visit to the schools during morning hours by trained personnel. All participants had no shoes and were in light clothing during anthropometric measurements. Standing height to the nearest 0.1 cm was measured using a portable stadiometer (Seca 213, Hamburg, Germany). Body weight was also measured to the nearest 0.1 kg using a digital scale/body composition monitor (Omron BF511, Kyoto, Japan). BMI was calculated as weight (kg) divided by the square of the height (m). Z-scores for BMI were calculated using the WHO growth reference for children aged 5 to 19 years [17] and used to categorize participants as underweight, healthy weight, overweight, or obese.
Percentage body fat (%BF) was measured by whole-body BIA to the nearest 0.1% using a digital scale/body composition monitor (Omron BF 511, 50 kHz, 500 µA, Kyoto, Japan), which includes an 8-sensor technology using both hands and feet. e participants stood with bare feet on electrodes on the scale with their knees and back straight while grasping a handle that also includes electrodes with both their hands horizontally raised, elbows extended straight, and maintaining a 90°-angle to the body. A previous study that compared body composition estimates using BIA devices with DXA and whole body magnetic resonance imaging indicated that the use of devices with additional hand electrodes provides a more accurate prediction of body composition and are suitable for public use [27] . In order to determine percentage body fat, the device uses electrical impedance, along with the participant's height, weight, age, and gender to generate results. e readings were obtained in duplicates and the average recorded. According to the manufacturer's instructions, percentage body fat was measured two hours or more after breakfast. Omron Healthcare references for age and gender were used to classify the study participants into low, normal, high, and very high %BF [28] .
Parent Questionnaire.
e information on the different behavioral factors that influence body fat levels in children were reported by their parents using a pretested questionnaire, which was developed in both English and French. e section of the questionnaire on eating habits included questions on the frequency of consumption of fruits and vegetables, breakfast, and snacks. e parents also reported the out-of-school physical activity and sedentary lifestyle of the children and provided information on their education level as explained below.
Eating Habits.
e study participants were classified according to their parents' responses on the frequency of fruit and vegetable consumption as follows: never, occasionally, and everyday. Also, breakfast consumption was categorized as follows: skip/rarely, 1-2 times/week, 3-4 times/week, and daily.
In the absence of a validated food frequency questionnaire in our setting, parents were asked to select the frequency of consumption of the following snack foods (consumed in-between meals) by their children as follows: biscuits, popcorn, sweets, yogurt, cakes, sugar-sweetened beverages, crackers, and bread. e frequency of snack consumption was categorized as follows: once a day, twice a day, three times a day, and greater than three times a day.
Out-of-School Physical Activity and Sedentary Lifestyle.
is study used a set of activities to assess the level of physical activity in the children, which included the following: football, handball, jogging, hopscotch, household chores, skipping rope, dancing, farm work, walking to school, cycling, hide and seek, and playing on the playground. e parents selected the weekly (Monday to Sunday) participation of their children in the above activities from seven categories, which ranged from a minimum duration of one time/week to a maximum of 7 times/week. e mean time of involvement in the above activities was then calculated, and participants were grouped according to their physical activity levels as follows: low (≤2 times/week), moderate (>2 to 4 times/week), and high (>4 to 7 times/ week) [29] . e activities used to assess out-of-school sedentary lifestyle included screen-based sedentary behaviors: playing video games, watching TV, and using the computer. Similarly, the parents selected the hourly involvement of their children in the above activities from six categories, which ranged from 1 hour/day to 6 hours/day during the week (weekdays and weekend days). e average time (in hours/ day) spent in the above activities was also calculated and used to assign the children into the following groups of sedentary lifestyle as follows: low (≤one hour/day), moderate (>1 to 3 hours/day), and high (>3 to 6 hours/day) [30] .
It is worth mentioning that we do not have a valid instrument to assess physical activity and sedentary lifestyle of school-age children in our setting and did not carry out any validity test. However, physical activity and sedentary lifestyle sections of our questionnaire were similar to that of a previous report [31] .
Motorization to School.
e parents indicated with a "yes" or "no" whether the children are dropped at school using their private cars, taxis, motorbikes, or use the school buses.
Parental Education.
e parents selected the number of years spent in education activities from the following categories: none, ≤6 years, 7 to 13 years, and >13 years of education.
ey were then assigned to their corresponding educational levels as follows: no education, primary, secondary, and tertiary levels. e children were assigned to the appropriate group using the parent with the highest level of education.
e regional delegations for basic education and the school administration provided information on the type of school (public or private).
Statistical Analysis.
Data analysis was carried out using the statistical software, R version 3.4.1, which includes the "QUANTREG" package [32] . Normality of continuous variables was checked using the Kolmogorov-Smirnov (K-S) test. Body weight, height, and BMI were adjusted for age and gender using the WHO growth monitoring software (AnthroPlus) for children between the ages of 5 and 19 years [17] . Also, the Student's t-test for independent samples and the Mann-Whitney U test were used for the comparison of means of continuous variables by gender, and values have been reported as mean (minimum-maximum).
e chisquared test was used for comparison of proportions, and we have reported the findings as frequencies and percentages.
In addition, the differences in median percentage body fat were compared across selected factors by using the Kruskal-Wallis test (unadjusted analysis).
Further, the association between %BF and selected factors was evaluated using multivariable quantile regression analysis. In this adjusted analysis, %BF was modeled as the dependent variable. e median was modeled rather than the mean because %BF did not meet the distributional assumption of normality. Moreover, the findings are easy to understand because the regression estimates indicate the Journal of Nutrition and Metabolismdifference in median %BF associated with each factor with respect to a reference group. In the regression analysis, the model was adjusted for design variables (class, school, and region), age, gender, and all variables in the unadjusted analysis. e regression coefficient estimates of the median %BF and corresponding standard errors were calculated using the Powell Kernel approach [32] . Statistical significance was considered at p < 0.05 level.
Results
is study included a sample of 1008 school-age children with a mean age of 8.9 ± 1.6 years ( Table 1 ). According to the WHO criteria, 15.9% of the study population was overweight/obese (BMI). Also, the overall prevalence of overweight/obesity (%BF) was 20.5% using the Omron Healthcare definition. Table 1 also indicates that the mean BMI standard deviation score (SDS) was significantly (p < 0.001) higher for boys than girls and mean %BF was significantly (p < 0.001) higher for girls than boys. is is also reflected in the distribution of the study participants into the overweight/obese (BMI) and overweight/obese (% BF) groups. More boys (16.2%) were overweight/obese (BMI) compared to girls (15.6%). On the contrary, more girls (22.6%) were overweight/obese (%BF) compared to boys (18.5%). Nevertheless, these differences were not statistically significant. Private schools had a higher prevalence of overweight/obesity (%BF) (24.2%) compared to public schools (22.5%). However, this difference was also not statistically significant (p � 0.165).
e majority of the children in both public (59.1%) and private (58.2%) schools had normal body fat levels (%BF). ere were no statistical differences in anthropometric variables by region. Table 2 shows a comparison of selected behavioral factors between boys and girls. More than a third (40.2%) of the study participants never eat fruits and vegetables. 16.6% of the study participants skip/rarely had breakfast. Out of the total number of those who skip/rarely had breakfast, 82.1% were between the ages of 8 and 11 years. Only 31.3% of the study participants had breakfast daily. Also, more than half (68.4%) of the children had snacks (in-between meals) ≥3 times/day with a higher proportion of girls having snacks greater than three times a day. In addition, half (50.9%) of the study participants had a low out-of-school physical activity level (≤2 times/week).
ere was no significant difference in out-of-school physical activity between boys and girls (p � 0.167). Out-of-school sedentary lifestyle was significantly different between boys and girls (p � 0.002) with a third of girls having a high out-of-school sedentary lifestyle (>3-6 hours/day). 52.7% of the children indicated they use motorization to school. Table 3 shows that median %BF was comparable across the selected factors.
e median %BF was significantly (p < 0.001) higher for participants who never eat fruits and vegetables, skip/rarely have breakfast, consume snacks (inbetween meals) more than three times a day, have a low outof-school physical activity level, and have a high out-of-school sedentary lifestyle compared to those who eat fruits and vegetables daily, take breakfast daily, have snacks in-between meals once a day, have a high out-of-school physical activity level, and have a low out-of-school sedentary lifestyle. A similar trend was observed on a gender basis with girls having higher median %BF values across the different factors. Never consuming fruits and vegetables and consuming snacks (in-between meals) more than three times a day were the two factors that contributed significantly (p < 0.001) to the highest median %BF when the full sample was considered. Children who never eat fruits and vegetables and consumed snacks (in-between meals) had the highest median %BF of 25.7% compared to 17.1% for those who eat fruits and vegetables daily and those who consume snacks (in-between meals) once a day. When the data were split by gender, skipping/rarely having breakfast also contributed significantly (p < 0.001) to the highest median %BF in girls.
ere was a 10% difference in median %BF between girls who skip/rarely have breakfast and those who have breakfast daily. In both boys and girls, the use of motorization to school resulted in a significantly (p < 0.001) higher median %BF when compared to those who did not use motorization to school. e multiple quantile regression estimates of the median %BF are presented in Table 4 . e daily consumption of fruits and vegetables (p < 0.001), daily breakfast consumption (p < 0.001), and high out-of-school physical activity (>4-7 times/week) (p < 0.001) were significantly and negatively associated with %BF. On the contrary, there was a significant positive association between consumption of snacks (inbetween meals) more than three times a day (p < 0.001), high out-of-school sedentary lifestyle (>3-6 hours/day), and motorization to school (p � 0.005) with %BF.
When the full sample was considered, the two factors with the largest relationship with %BF were the consumption of fruits and vegetables and the consumption of snacks (inbetween meals). e study participants who ate fruits and vegetables daily had a 4.95% lower median %BF compared with those who never ate fruits and vegetables (p < 0.001). Also, the median %BF of those who consume snacks (inbetween meals) more than three times a day was 3.69% higher than those who consume snacks once in a day (p < 0.001).
ese two variables also contributed to similar changes in median %BF in boys. Among girls, the consumption of snacks Journal of Nutrition and Metabolism(in-between meals) more than three times a day, the daily consumption of breakfast, high out-of-school physical activity (>4-7 times/week) and high out-of-school sedentary lifestyle (>3-6 hours/day) largely contributed to changes in %BF. For instance, the median %BF of girls who consumed snacks (inbetween meals) more than three times a day was 5.32% higher than their peers who had snacks once in a day (p < 0.001). Also, the girls who have breakfast daily had a 5.42% lower median %BF compared with those who skip/rarely have breakfast (p < 0.001). In addition, girls with a high out-ofschool physical activity (>4-7 times/week) had a 6.55% lower median %BF compared with those who had a low out-ofschool physical activity (≤2 times/week) (p < 0.001).
Discussion
is study is aimed at evaluating the associations between selected behavioral factors and %BF in urban school-age children. It provides data on %BF of school children assessed using BIA for the first time in Cameroon. is study has confirmed (after adjusting for different variables) that eating fruits and vegetables every day, having breakfast >3 times/ week, and physical activity >2 times/week were inversely associated with %BF.
Eating fruits and vegetables every day was significantly associated with lower median %BF because fruits and vegetables have a low energy density, hence a small amount of calorie consumption. A previous study had indicated that participants who had a low fruit and vegetable intake had higher odds for obesity compared with their counterparts with a higher fruit and vegetable consumption [33] . However, a recent systematic review and meta-analysis indicated that there was no significant difference in daily energy intake between subjects with low and high fruit and vegetable consumption [11] .
Having breakfast >3 times/week was significantly associated with a lower %BF, and breakfast skippers had a higher median %BF compared to those with high frequency Journal of Nutrition and Metabolism of breakfast consumption. Similar findings have been observed in different reports. For instance, a study revealed that children who had breakfast at least 5 times/week had a significantly lower %BF compared to the less frequent breakfast consumers [14] . Also, recent studies have confirmed that breakfast eaters had a significantly lower intake of total fat compared to their counterparts who skip breakfast [34] and that skipping breakfast at the age of 4 years was associated with a higher %BF at the age of 6 years [35] . Some studies have suggested that the higher levels of % BF observed in breakfast skippers could be explained by a positive energy balance and weight gain, which result from an increased consumption of unhealthy snacks during the day [36] and late night eating among breakfast skippers [37] . Apart from skipping breakfast, it is also possible that the types of food eaten during breakfast could be contributing to higher adiposity levels [38] . However, a recent systematic review revealed that the evidence relating dietary factors and obesity markers is inconclusive [39] . is present study has also confirmed that the consumption of snacks (in-between meals) greater than three times a day, high out-of-school sedentary activity (>3-6 hours/day), and motorization to school were positively associated with %BF.
e consumption of snacks (in-between meals) greater than three times a day contributed to higher levels of median %BF. is is consistent with findings from recent studies, which reported that high snack frequency was associated with higher risk of central obesity in U.S. children [40] and BMI-defined overweight/obesity in 11-to 13-year-old Italian adolescents [41] . is observation could be due to the inability of high frequency snackers to compensate for the excess energy obtained from high sugar and fat-containing snacks by consuming less calories in their subsequent meals [42] . However, in another report, no association was observed between snack frequency and changes in BMI z-score [43] . e absence of a universally acceptable definition of what constitutes a snack could explain these inconsistencies.
e constituents of snack food used in our study were similar to those of a study by Bo et al. [41] . Also, the timing of snack consumption and overweight/obesity could explain these differences. For instance, Bo et al. [41] recorded the highest prevalence of overweight/obesity among study participants who snack in the evening after dinner compared with those who snack earlier.
Physical activity >2 times/week was associated with lower %BF. It is well known that when physical activity levels increase, there is more energy expenditure, which lowers the risk of overweight/obesity [44] , and this is beneficial to children. However, no association was observed between physical activity and BMI-defined obesity in a sample of Nigerian children [45] . is could have been as a result of the small number of obese children that were included in the Nigerian study. In addition, inconsistent findings on the association between physical activity and adiposity have been reported in systematic reviews (that included cohort studies), which indicate either a strong or weak association [46, 47] .
A high out-of-school sedentary lifestyle was significantly positively associated with higher levels of %BF.
is is consistent with a recent report, which revealed that sedentary time (assessed using parent-reported computer games use and TV viewing) was positively associated with % BF and BMI in crude models [48] . Another study indicated similar relationships between objectively measured sedentary time and %BF [10] . A systematic review has also indicated that higher levels of sedentary time were associated with unfavorable body composition [49] . However, a study in Kenya did not record an association between sedentary time and %BF [50] . Even though the Kenyan study was similar to ours in the sense that assessment of sedentary lifestyle did not include activities in school, the sedentary time was self-reported by the children with the possibility of recall bias. In our study, this bias was limited by asking only parents (who have a higher ability to recall and are most familiar to the children) to report the sedentary lifestyle of their children.
Motorization to school was significantly positively associated with higher %BF levels. is could be explained by the fact that children who use motorization to school have a lower energy expenditure compared to those who walk to school. In this present study, children in private schools had a slightly higher level of median %BF compared to those in public schools. However, this was not statistically significant after adjusting for age, gender, design variables, and all variables in the unadjusted analysis. A report had indicated that children in private schools tend to have a higher sedentary time [50] and higher odds for overweight/obesity [51] compared to their peers in public schools. e high sedentary time could contribute to an extent to the higher levels of %BF observed in children in private schools in our study. Parental level of education was not associated with %BF.
is is consistent with a recent report on BMI-defined overweight/obesity in Brazilian children [52] .
e findings of this present study need to be interpreted with caution. First, causal inference cannot be established using a cross sectional design and the study sample is not nationally representative.
e sample included children from only two out of the ten administrative regions of the country. It was also not possible to control for tanner stage. A study had revealed that children in private schools had a higher risk of not meeting the guidelines of physical activity compared to those in public schools [52] . During the study period, we observed that more than half of the private schools have facilities that promote a sedentary lifestyle while in school like TV sets, and board games, which children use during their play time. We did not investigate the contribution of these aspects to differences in %BF.
Even though BIA is simple, portable, noninvasive, quick and inexpensive [53] , there is evidence that the validity of impedance readings may be affected by the water content of the body. For instance, a study indicated that increased total body water (TBW) results in an underprediction of %BF in obese subjects [54] . In our study, it was not possible to standardize breakfast consumption. While some children might have eaten a lot for breakfast, others may not have eaten anything. us the fasting time, which influences Journal of Nutrition and Metabolism 7 TBW, could not have been uniform across the sample. Also, BIA has been found to be population-specific [18] , and it is still unclear whether the instrument used to assess %BF in this study is suitable for an African population. Despite the above limitations, we have been able to quantify the differences in median %BF across different factors after adjusting for different variables using multiple quantile regression analysis. Even though proxy measures were used to estimate physical activity and sedentary lifestyle in this study, these measures provide information on the type of activity and could compliment objective measurements in children [3] .
Conclusions
Our present study has indicated that the consumption of fruits and vegetables, breakfast consumption, and physical activity is inversely associated with %BF.
is study also identified that a large proportion of the children do not eat fruits and vegetables (40.2%) and also have a low physical activity level (50.9%). In order to get a deeper understanding of the influence of these factors on %BF, future studies will need to identify the determinants of low fruit and vegetable intake, low frequency of breakfast consumption, and low physical activity. e consumption of snacks (in-between meals), sedentary lifestyle, and motorization to school are positively associated with %BF.
is means promoting a reduction in consumption of snacks, sedentary lifestyle, and encouraging walking to school may reduce %BF in children. Further research needs to be carried out in other regions of Cameroon to clarify the effects of these behavioral factors on %BF and assess whether any observed differences in %BF are of clinical relevance.
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